Background/aim-The significance of indocyanine green (ICG) angiography (ICGA) in Harada's disease still awaits clarification in many respects. This study investigates the details of choroidal lesions observed in Harada's disease by the subtraction method. Methods-Eight patients with Harada's disease were followed with ICGA. ICG angiograms were obtained with a Topcon high resolution digital fundus camera and processed with a Topcon IMAGEnet computer system. Image subtraction was conducted for analysing serial angiograms taken at about 2 second intervals during the dye transit phase and those taken in the early and middle phases of angiography. (Br J Ophthalmol 1999;83:822-833) 
The development of indocyanine green angiography (ICGA) has made it possible to examine choroidal vascular lesions in detail. 1 2 ICGA has been reported to allow enhanced visualisation of intrachoroidal lesions, such as the choroidal vessel irregularities in Harada's disease, which are not visible with conventional ophthalmoscopy or fluorescein angiography (FA), indicating its utility in diagnosing and evaluating treatment of the disease. [3] [4] [5] [6] [7] [8] However, the interpretation of ICGA findings is diYcult for several reasons: (1) since the structure of the choroidal vasculature is three dimensional, fluorescence from vessels in diVerent layers overlaps, producing complicated images; (2) the dye flows into the choroidal vessels too quickly to allow accurate assessment as to whether choroidal filling is normal or delayed; and (3) equipment for ICGA is designed basically to adjust the intensity of the emission light according to the brightness of the image obtained, often making it diYcult to determine if the observed fluorescence is excessive or normal. Thus, findings from ICGA studies of Harada's disease cannot as yet be considered conclusive.
Application of the subtraction method, a computer assisted image processing technique which subtracts one frame from another, in the analysis of ICGA permits detailed examination of circulatory changes in the choriocapillaris and choroidal veins 9 10 and objective assessment of ICG leakage. 10 11 In the current study, we performed ICGA in patients with Harada's disease and analysed the angiographic findings using the image subtraction method.
Methods
The subjects were eight patients diagnosed as having Harada's disease and followed with ICGA for at least 6 months at the department of ophthalmology of Osaka City University Medical School from April 1993 to December 1997. The diagnosis was based on clinical symptomatology, ophthalmoscopic and FA findings, and clinical laboratory test results of HLA haplotypes, especially HLA DR4. The subjects underwent a full ocular examination, including measurement of visual acuity, slit lamp examination, and funduscopy.
FA was performed with the Topcon 50-IA fundus camera and ICGA utilised a high resolution digital infrared fundus imaging system (Topcon H1024 high resolution digital camera, Topcon Corp, Tokyo, Japan). ICG angiograms were taken serially at intervals of 2 seconds during the dye transit phase, and thereafter at 2, 5, 10, 20, and 30 minutes. The angiograms were stored on a magnetic optical disk as digital images with a resolution of 1024 ∼ 1024 pixels (256 grades of grey scale). SUBTRACTION 
METHOD
Subtraction image analysis was performed with a Topcon IMAGEnet computer system using a method previously described. 10 Briefly, two different images taken at intervals of either seconds or minutes were selected depending on the purpose. In the present study, subtraction analysis was made between the serial angiograms with an interval of seconds in the dye transit phase and between the angiograms with an interval of minutes by subtracting images taken in the early phase (about 30 seconds) from those taken in the middle phase (at 10-15 minutes). The images were aligned by marking identical points on each image, and subtraction was done between the images at each pixel. In the subtracted images, the area without diVerence in brightness between the two images was visualised as medium grey using 128 grades. Elimination of grey scales darker than the 128th grade provided an image that showed changes during the interval of imaging. Thus, the positive images were defined as those brighter on later frames than earlier frames while negative images were brighter in the earlier than in the later frames. Subsequently, contrast was adjusted to meet the purpose of the analysis.
Results
The eight cases examined in this study are summarised in Table 1 . There were five men and three women aged between 20 and 64 years (mean 42.0 years). All patients reported visual impairment in the acute stage of the disease, but the subjective symptoms subsided after steroid therapy in most cases. Intraocular pressure was within normal range in every case.
In the acute stage, numerous punctate hyperfluorescent lesions caused by dye leakage were noted on FA in six of eight cases. In the other two cases, only leakage on the optic disc was observed. In both the acute and recovery stages, early and mid ICGA findings were similar in all patients. The typical findings on FA and ICGA were demonstrated in representative cases described below. Serous retinal detachment was observed in the posterior pole of both eyes; both optic discs were reddish and swollen. Ultrasonography indicated thickening of the choroid. FA revealed delayed choroidal filling in the early phase and numerous punctate hyperfluorescent lesions due to dye leakage in the mid phase (Fig 1) . On standard ICGA, the retinal arteries were visualised first, followed by the choroidal arteries. The visible choroidal arteries were dilated and tortuous (arrows). The choroidal vessels, showing irregular courses, were decreased in number. In the angiogram at 5 minutes, the contour of the choroidal vessels was obscured and hyperfluorescent areas of variable brightness were seen over the whole region of the posterior pole, including the areas without the punctate hyperfluorescent lesions on FA (Fig 2) . By subtraction of angiograms in the dye transit phase with an interval of seconds, the choroidal vessels could be imaged sequentially, with choroidal arteries visualised first, followed by definition of choriocapillaris and then choroidal veins, suggesting a delay of choroidal arterial filling. Choroidal veins also showed delayed filling and were visualised as positive images in serial subtraction images (Fig 3A) . Subtraction with an interval of minutes revealed hyperfluorescent areas corresponding to intrachoroidal ICG leakage (Fig 3B) . After 30 days on steroid therapy, the serous retinal detachment was no longer observed. The standard ICG angiogram showed an increased number of visible choroidal vessels and an improvement in the irregularity and dilatation of the choroidal vessels. The heterogeneous hyperfluorescence seen in the posterior pole in the middle and late phases had disappeared (Fig 4) . On subtraction of ICG angiograms with an interval of seconds, the choroidal arteries were visualised in the initial image in the dye transit phase and were noted to be less irregular and increased in number. The delayed choroidal venous filling observed in the acute stage of disease remained (Fig 5A) . On subtraction by the minute, a relatively homogeneous fluorescence was seen except in the region along the course of vessels; bright fluorescence suggestive of intrachoroidal ICG leakage was not observed (Fig 5B) . After 4 months, choroidal filling had improved on FA. On standard ICGA, the retinal and choroidal arteries (arrows) were visualised simultaneously. The number of choroidal vessels had increased. The course of the choroidal veins straightened and became continuous from the posterior pole to the peripheral region, with less variation in caliber ( Fig  6A) . On subtraction ICGA by the second, the choroidal veins were delineated in the initial picture. In addition, serial pictures clearly demonstrated an improvement in choroidal venous filling (Fig 6B) . detachment was not seen in the posterior pole. Both optic discs were reddish and swollen. Ultrasonography indicated thickening of the choroid. FA revealed delayed choroidal filling in the early phase and punctate hyperfluorescent lesions due to dye leakage in the mid phase (Fig 7) . On standard ICGA, the retinal arteries were visualised first, followed by the choroidal arteries. Choroidal filling delay corresponding to the watershed zone was clearly observed due to hypoperfusion in the choroid. The choroidal vessels, showing irregular courses, were decreased in number. In the angiogram at 10 minutes, ICG leakage was clearly seen temporal to the optic disc beyond the area of punctate hyperfluorescent lesions on FA (Fig 8) . By subtraction of angiograms in the dye transit phase with an interval of seconds the choroidal vessels could be imaged sequentially, with choroidal arteries visualised first, followed by definition of choriocapillaris and then choroidal veins. Choroidal veins showed delayed filling and were visualised as positive images in serial subtraction images (Fig 9A) . Subtraction with an interval of minutes revealed hyperfluorescent areas 
. Four months on steroid therapy. (A, B) Standard ICGA. (A) 21.8 seconds, (B) 48.1 seconds. Retinal and choroidal arteries were visualised simultaneously. The number of visible choroidal arteries (arrows) have increased in the initial image. The course of the choroidal veins has straightened and has become continuous from the posterior pole to the peripheral region, with less variation in calibre. (C) Subtraction ICGA. (a) 23.8-21.8 seconds, (b) 25.7-23.8 seconds, (c) 27.7-25.7 seconds, (d) 29.7-27.7 seconds, (e) 31.6-29.7 seconds, (f) 33.7-31.6 seconds. Choroidal veins (arrow) as well as the arteries are visualised in the initial subtracted image. Choroidal veins with delayed filling are observed in the serial angiograms (arrows). However, the degree of filling has improved.
corresponding to intrachoroidal ICG leakage (Fig 9B) . After 10 months of steroid therapy, the standard ICGA showed an increased number of visible choroidal vessels and an improvement in the irregularity of the choroidal vessels. The watershed zone was no longer observed ( Fig 10A) . On subtraction ICGA by seconds, the choroidal veins were visualised in the initial image and were noted to be less irregular and increased in number. The delayed choroidal venous filling observed in the acute stage of disease had improved (Fig 10B) .
Case 8
A 42 year old man was seen with bilateral blurred vision. The corrected visual acuity was 0.5 in both eyes. The intraocular pressure was right eye 18 mm Hg and left eye 18 mm Hg. The anterior chamber was shallow in both eyes. No cells were found either in the anterior chamber or in the vitreous of either eye by slit lamp examination. The optic discs were markedly reddish and swollen; serous retinal detachment, though observed in the posterior pole, was mild. Steroid therapy with betamethasone 16 mg was administered, followed by tapering. The patient was maintained on the tapered dose of 2 mg of betamethasone. After 4 months of steroid treatment, however, papilloedema in the right eye was exacerbated. Ultrasonography revealed marked thickening of the choroid in both eyes. On FA, although hypofluorescence giving the choroid a folded appearance was seen, hyperfluorescence from dye leakage was not observed (Fig 11) . Standard ICGA visualised delayed filling of the choroid in the early phase, which faded away after 6 seconds. Some choroidal arteries were dilated and tortuous. The choroidal vessels were irregular, and their contours became vague after 1 minute, with bright fluorescence of varying intensities in the posterior pole (Fig 12) . Subtraction of ICG images by the second allowed clear visualisation of delayed filling of 
seconds. Choroidal arteries are visualised (arrows), followed by visualisation of choriocapillaris and choroidal veins. Choroidal filling delay corresponding to watershed zone is clearly observed (asterisk). (C) 14 minutes 1.8 seconds. The contour of the choroidal vessels is obscured. Intrachoroidal ICG leakage is clearly seen temporal to the optic disc (arrow).
the choriocapillaris and choroidal veins ( Fig  13A) . Subtraction by the minute revealed bright fluorescence corresponding to ICG leakage (Fig 13B) .
Discussion
In the acute stage of Harada's disease, the presence of delayed choroidal filling has been reported on the basis of findings from FA in the early phase. 12 13 ICGA appears to shed further light on choroidal circulatory disturbances. However, hypoperfusion in the choroidal arteries and choriocapillaris is currently the only major abnormality that has been clarified by published angiographic studies. [3] [4] [5] [6] [7] [8] Details of the circulatory disturbance in the choroidal veins are still unknown.
In the current study, subtraction of serial angiograms with an interval of about 2 seconds first allowed visualisation of the choroidal arteries, while choriocapillaris and choroidal veins were visualised in subsequent images in the acute stage of disease (Table 2) . After steroid therapy, choroidal veins as well as arteries were visualised early in the initial subtraction, and an improvement was noted in the delayed 
(a) Choroidal arteries (open arrows) and choriocapillaris (asterisk) are visualised. (b-d) Choriocapillaris (asterisks) and choroidal veins (arrows) are delineated in the serial images. The course of the choroidal veins is irregular and discontinuous. (B) Subtraction with an interval of minutes (14 minutes 1.8-42.6 seconds). Bright fluorescence, corresponding to intrachoroidal ICG leakage, is observed (arrow).
filling of the choroidal veins. Thus, delayed filling of various degrees was found to be present also in the choroidal veins along with hypoperfusion in the choroid. This improvement in choroidal venous flow appears to be a relatively late phenomenon, as delayed choroidal venous filling was still observed although the serous retinal detachment had disappeared.
As to the cause of the impaired flow into the choroidal veins in Harada's disease, this may be secondary to the marked hypoperfusion of the choroidal arteries. In patients with Takayasu's disease with arterial hypotension, morphological changes, such as narrowing of the choroidal veins as well as delayed choroidal filling during long term follow up, have been reported. However, in the patients with Harada's disease examined in this study, the choroidal veins appeared irregular in the acute stage. This was associated with delayed venous filling. As the disease subsided, the course of the choroidal veins straightened and became continuous from the posterior pole to the peripheral region, with less variation in calibre. Histopathological studies of Harada's disease have revealed that the choroid is markedly oedematous and infiltrated by inflammatory cells, such as lymphocytes, monocytes, and megakaryocytes. 15 16 These inflammatory changes may be associated not only with circulatory changes with increased permeability of vessels, 17 but also may generate mechanical compression of the choroidal veins. Thus, a disorder of the choroidal veins as well as choroidal arterial hypoperfusion resulting from decreased inflow pressure is probably responsible for the impaired or delayed choroidal filling in Harada's disease.
ICGA permits the detection of hyperpermeability of the choroidal vessels, resulting in intrachoroidal ICG leakage. 18 19 However, some reports have focused on hypofluorescence, with a limited description of hyperfluorescent findings. 3 4 7 8 Although intrachoroidal ICG leakage has been detected also in Harada's disease, 5 6 the accurate evaluation of hyperfluorescence is diYcult. Since the excitatory light and the fluorescence transverse a great number of diVerent types of tissues on ICGA, 20 the markedly thickened choroid in the early stage of Harada's disease may aVect the brightness of angiograms. Also, the basic design of the Topcon ICGA device itself-that is, the necessity to adjust the emission light intensity according to the brightness of the image obtained, complicates the objective assessment of hyperfluorescence.
ICGA visualises fluorescence emitted from ICG dye present mainly inside blood vessels in the early phase. 21 Intravascular ICG dye decreases with time, passing through the choriocapillaris into the adjacent interstitial tissue of the choroid. Consequently, the choroidal vessels are visualised in the early phase; then ICG leakage is observed in the mid phase. Subtraction of angiograms with an interval of minutes between the early phase and the mid phase reveals abnormal ICG leakage specifically as positive images separated from normal areas. 10 11 In the present study, hyperfluorescent areas corresponding to intrachoroidal ICG leakage were found on the standard angiograms in all cases examined; on subtraction by the minute, portions of the hyperfluorescent areas were visualised as positive images. As the disease subsided with steroid therapy, these positive findings disappeared. Thus, we believe that the presence of hyperpermeability of the choroidal vessels has been confirmed in Harada's disease by the subtraction method. In subtraction studies of choroidal neovascularisation associated with age related macular degeneration, two types of ICG leakage have been reported-one visualised by the subtraction method and the other not visible on subtraction-indicating a relation with the degree of hyperpermeability of the site of choroidal neovascularisation. 11 In Harada's disease, areas of the choroidal vessels with intense hyperpermeability appear to be visualised as positive images.
In conclusion, subtraction ICGA has highlighted inflow changes of the choroidal veins and demonstrated intrachoroidal ICG leakage in Harada's disease. These results indicate that delayed filling of the choroidal veins of varying degrees of severity occurs in association with hyperpermeability of the choroidal vessels in the course of the disease.
